Introduction {#section5-1178223420929702}
============

Chemotherapeutic agents--induced nail changes are diverse and have a wide spectrum of clinical presentations. Most of them resolve automatically after the end of chemotherapeutic sessions but during the treatment course, nail changes can transfer from a tolerable morphological and structural changes into painful lesions which can impair several functionalities, the mechanism in which chemotherapeutic agents affect nails is not well understood or studied.^[@bibr1-1178223420929702]^ Hyperpigmentation of nails toward black or brown indicates melanonychia, whereas a greenish discoloration suggests a *Pseudomonas* infection. On the contrary, subungual hemorrhage can change the color of nails into red, brown, or orange; all these changes could be associated with drug intake.^[@bibr1-1178223420929702],[@bibr2-1178223420929702]^ Beau's lines are another observed nail changes identified as a depressed horizontal lines with partial or full nail involvement.^[@bibr3-1178223420929702]^ Adding to this, nail bed separation (onycholysis) is a painful manifestation that can be associated with hemorrhagic bullae and subungual hematoma.^[@bibr4-1178223420929702],[@bibr5-1178223420929702]^ Other changes such as acute paronychia, onychomadesis, hypopigmentation, and subungual hyperkeratosis or abscess formation were noticed.^[@bibr6-1178223420929702],[@bibr7-1178223420929702]^

There are no specific treatments for such nail changes as their existence is directly linked to chemotherapy. A prevention plan should be optimized which includes the avoidance of water, chemicals, or any nail cosmetic products that can exaggerate the changes; the use of emulsions is also endorsed.^[@bibr1-1178223420929702]^ During therapy period, patients are advised to apply topical antiseptic solutions to prevent microbial growth over nails; sometimes, nail polish is recommended to prevent ultraviolet light A from causing photo-onycholysis.^[@bibr8-1178223420929702]^ Hydroxypropyl chitosan has been proved to protect nails from dermatophyte infections which can be helpful in such situations.^[@bibr9-1178223420929702]^ In the case of brittle nails, oral biotin supplements cause a dramatic improvement by 25% increase in nail thickness.^[@bibr10-1178223420929702]^ The use of corticosteroids to reduce the inflammatory process or drug dose adjustments are also discussed.^[@bibr8-1178223420929702]^ In a case series, chemotherapy-induced paronychia was treated successfully using topical povidone-iodine.^[@bibr11-1178223420929702]^ Therapeutic regimes for nail changes vary according to the pathological setting and should be personalized.

Taxanes have gained a wide popularity among oncologist due to their unique efficacy against solid tumors including lung, breast, and ovarian cancer.^[@bibr12-1178223420929702]^ Many side effects such as cardiotoxicity, nail toxicity, peripheral neuropathy, fluid retention syndrome, arthralgia, myelosuppression, and skin reactions caused by taxanes have been identified.^[@bibr13-1178223420929702][@bibr14-1178223420929702][@bibr15-1178223420929702]-[@bibr16-1178223420929702]^ In the literature, several case reports described the effect of taxanes on nails which includes onycholysis, melanonychia, subungal hemorrhage, subungual hyperkeratosis, Beau's lines, and nail dystrophy.^[@bibr4-1178223420929702],[@bibr6-1178223420929702],[@bibr17-1178223420929702][@bibr18-1178223420929702]-[@bibr19-1178223420929702]^ In this work, we represent a clinical observational study to evaluate the effect of cosmetic nail lacquer on taxane-induced nail changes in female patients diagnosed with breast cancer.

Methods {#section6-1178223420929702}
=======

This study was conducted at King Abdullah University Hospital (KAUH), a tertiary care center that is affiliated with Jordan University of Science and Technology (JUST), located in northern Jordan. After obtaining the Institutional Review Board approval, we prospectively identified those women who were scheduled to have taxane-base chemotherapeutic regimens for breast cancer between January 2017 and December 2018. The following information were obtained: demographics, type of malignancy, chemotherapeutic protocol, associated nail changes, utilization of nail lacquer, progression of nail changes, and any associated dermatological or systemic disorders.

The included group comprised women who were diagnosed with breast cancer, scheduled to undergo AC-Taxol protocol which includes adriamycin and cyclophosphamide, followed by treatment with paclitaxel. Any female patient with previous dermatological or systemic disorders that affect nails was excluded from the study. Serious nail changes that need interventional management such as acute paronychia and onycholysis were excluded.

The patients were categorized into 2 groups based on the utilization of nail lacquer. The first group includes women who started to use the nail lacquer after development of nail changes. The second group comprises those women who did not use the nail lacquer at any occasion. The patients were divided according to the treating oncologist. The patients were treated under the supervision of 2 consultant oncologists who follow the same guidelines. One of them prescribes the nail lacquer for any woman who is scheduled to have taxane-based chemotherapy sessions and started to develop nail changes. The other consultant did not provide the nail lacquer for his patients.

Patients were investigated for their nail changes and followed by 3 independent blinded expert doctors. After that, data were entered into a spreadsheet. Statistical analysis was performed using IBM SPSS statistics for Windows v.21 (Armonk, NY, USA). Data were presented as frequency distributions for categorical variables and mean ± standard error of the mean (SEM) for continuous variables. Statistical significance was considered when *P* \< .05. Pearson χ^2^ test was used to investigate the significance of association between categorical variables, whereas Student *t* test and 1-way analysis of variance were applied to examine the significance level for continuous variables.

Results {#section7-1178223420929702}
=======

According to the selection criteria, 59 female patients were included in the study. The mean age for the patients is 47.2 years. Among them, 46 (78%) patients developed nail changes, mainly nail discoloration ([Figure 1A](#fig1-1178223420929702){ref-type="fig"}). The patients who developed nail changes were subdivided into 2 groups based on the utilization of nail lacquer. The first group which has used nail lacquer (17, 28.8%) showed an improvement among 15 (78.9%) patients, whereas 2 (7.4%) of them continued to have worsening symptoms ([Figure 1B](#fig1-1178223420929702){ref-type="fig"}). On contrary, most of the second group (25, 92.9%) did not show any improvement in nail changes ([Figure 1B](#fig1-1178223420929702){ref-type="fig"}). A statistical significance between the tested groups was observed (*P* = .000). There is no statistical association between the progression of nail changes and patient's age.

![(A) The number of patients who developed nail changes among 59 female patients included in this study. (B) Donut plots describing the percentage of patients who developed nail changes improvement and resolution in each group compared to non-improving ones.](10.1177_1178223420929702-fig1){#fig1-1178223420929702}

Discussion {#section8-1178223420929702}
==========

It is well known than nail changes are not a common side effect for the administration of chemical therapeutic agents but it holds many important cosmetic manifestations especially to patients with chronic illnesses and maladies.^[@bibr7-1178223420929702]^ It has been reported that several agents can cause such nail changes as hormones, antimalarial agents, antimicrobials, diuretics, cathartics, and cytotoxic chemotherapeutic drugs.^[@bibr20-1178223420929702]^ One of the most profound agents to cause this phenomenon are taxanes which are potent chemotherapeutic agents with an outstanding potency and efficacy against a panel of solid tumors.^[@bibr12-1178223420929702]^ The use of taxanes has increased dramatically over time; this can be explained by their efficacy along with the increase in cancer incidence worldwide.^[@bibr21-1178223420929702]^ Such catchy and potent pharmacological activity is linked to a wide spectrum of side effects which include neuropathies, skin reactions, water retention, nail changes, myelosuppression, myalgias, and many others.^[@bibr14-1178223420929702],[@bibr22-1178223420929702]^ So as cancer has been linked to many psychological disorders that can manifest during the therapeutic period including depression and anxiety, the medical team should try their best to relieve such stress providing a suitable tool to limit the side effects of these drugs.^[@bibr23-1178223420929702]^ In this observational study, we provide a comprehensive and systematic study of the use of nail polish solution to prevent taxane-induced nail changes in female patients with breast cancer.

Taxane-induced nail changes are considered as an important cosmetic manifestation with an incidence that reaches up to 44% of patients treated with taxane-included therapeutic regimens.^[@bibr5-1178223420929702]^ The mechanism of which taxanes exhibit their nail effects is not well studied or understood but several mechanisms have been suggested. Taxanes can cause vascular abnormalities along with thrombocytopenia which can lead to hemorrhagic onycholysis associated with subungual hematoma.^[@bibr4-1178223420929702]^ A neurogenic mechanism has been also proposed in which a denervation of neurofibers of several sizes could be the cause of these nail changes.^[@bibr24-1178223420929702]^ By thinking outside the box, Cremophor EL or Tween 80 which are a well-known paclitaxel drug vehicles that have been proved to cause nail changes, this has been proposed due to decrease in the incidence of such changes when using albumin-bound paclitaxel.^[@bibr25-1178223420929702],[@bibr26-1178223420929702]^ Nail changes associated with taxanes could be also caused by their anti-angiogenic activity. But the most prominent theory is the direct paclitaxel-induced nail bed damage as previously described.^[@bibr27-1178223420929702]^

The National Cancer Institute (NCI) has graded the effect of chemotherapeutic agents on nails into 3 grades in which grade 1 represents nail discoloration associated with pitting or ridging of nails, whereas grade 2 represents a total or partial loss of nail, but when there is a complete or partial loss of nail accompanied with pain that interferes with the normal nail functionalities, it is considered as grade 3.^[@bibr28-1178223420929702]^

According to the literature, several case reports have discussed the effect of taxanes on nails.^[@bibr5-1178223420929702],[@bibr11-1178223420929702],[@bibr29-1178223420929702]^ Ghafoor and Chetiyawardana^[@bibr28-1178223420929702]^ have described nail changes associated with docetaxel intake in a 66-year-old patient with lung cancer. A 72-year-old patient with prostate cancer had developed many painful nail changes due to docetaxel intake as reported by Amorim et al.^[@bibr30-1178223420929702]^ In a case series presented by Minisini et al,^[@bibr4-1178223420929702]^ 7 cases of taxane-induced nail changes were reported in a variety of neoplastic growths and ages which include nail discoloration, hemorrhagic onycholysis, Beau's lines, hemorrhagic bullae, and subungual suppuration. Adding to this, in a clinical study performed to evaluate the incidence of taxane-induced nail changes in the Mexican population, it is revealed that the paclitaxel group has a higher rate of nail pathologies compared with the control group.^[@bibr31-1178223420929702]^ Pigmentary nail changes were observed in patients with gastric and breast cancer in which paclitaxel group possesses a 35.7% incidence of nail changes.^[@bibr32-1178223420929702]^ A variety of nail changes were noticed in patients on a postoperative dose of paclitaxel and cisplatin as reported by Yang et al.^[@bibr18-1178223420929702]^

As an initial step, nail changes should be prevented by the avoidance of any corrosive materials, water contact, or any traumatic injury. The use of nail polish or petroleum jelly aids the prevention of water loss from nails which could have a beneficial effect.^[@bibr1-1178223420929702]^ Recently, the use of cryotherapy has been proposed for the prevention of taxane-induced nail changes as represented by a clinical study performed among 200 patients; it was found that frozen gloves do not impact the incidence of nail changes but delay its occurrence.^[@bibr33-1178223420929702],[@bibr34-1178223420929702]^ Antiseptic solutions should be applied to prevent the complications of nail changes including nail infections or abscess formation.^[@bibr8-1178223420929702]^ A variety of therapeutic and surgical solutions have been discussed to treat drug-induced nail changes as previously described.^[@bibr1-1178223420929702]^

As the molecular absorption or penetration through nails with good nail integrity is hard, the chemical constituents of nail polish could not cause the observed protective effects.^[@bibr35-1178223420929702]^ We propose that the positive significant results obtained in this work is due photo-onycholysis which is a phototoxic effect initiated when nails are exposed to natural or artificial light while patients are using therapeutic chemical agents.^[@bibr36-1178223420929702]^ Photo-onycholysis tends to spare thumbs with several digits involved; it could be the result of a toxic mechanism or allergic reaction to drugs, and these changes will disappear automatically with drug withdrawal.^[@bibr20-1178223420929702]^ A previous study had shown that prolonged use of paclitaxel has caused an increase in the incidence of nail changes associated with light exposure.^[@bibr37-1178223420929702]^ A study conducted on 91 patients revealed that taxanes' use had caused onycholytic changes in patients taking more than 6 courses of paclitaxel per week. All of the patients who developed these changes had their treatment during summer; this observational fact aided the correlation between light exposure and taxane-induced nail changes.^[@bibr38-1178223420929702]^ So patients are advised to avoid light exposure to slow the progression of these changes.^[@bibr8-1178223420929702]^

Conclusions {#section9-1178223420929702}
===========

Taxane-induced nail changes are a major medical, cosmetic, and psychological manifestations especially for female patients with cancer. In this study, we present a clinical systematic and comprehensive observational study discussing the use of nail polish to prevent the progression of taxane-induced nail changes in patients with breast cancer. The results have suggested that nail lacquer may have an effect in the improvement of nail changes, particularly nail discoloration. Further clinical trials and investigations are recommended to prove the efficacy of nail lacquer.
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